The isolation of several hemorrhagic fever viruses that are highly pathogenic for humans led to the construction of a special maximum containment laboratory at the Centers for Disease Control, Atlanta, Ga. All work involving infectious materials from these agents is done under strict containment conditions that are somewhat cumbersome. Much of the work on class-4 viruses does not require the use of infectious material, and so we studied methods of inactivating infectious viruses to remove class-4 viruses from special maximum containment conditions.
In this paper, we report the results of studies on the inactivation of Lassa, Ebola, and Marburg viruses by gamma irradiation. This technique was chosen because it permitted inactivation of the viruses with no detectable change in the biological activity of proteins, allowing us to carry out a wide variety of biochemical and immunological studies with antigenic, noninfectious viruses. In addition, this method facilitated the preparation of noninfectious diagnostic materials which are sent to many laboratories throughout the world for use in the diagnosis and surveillance of viral hemorrhagic fevers. The relationship between total radiation exposure and reduction in infectious virus was measured by generating a regression line with the equation log Vr = log VO + KR, where log Vr is the virus concentration remaining after a given amount of radiation R, log VO is the beginning concentrations of virus, K is a constant, the dimensions of which are log TCID50 of virus (inactivated) per rad of gamma irradiation, and R is the total rads of radiation applied to the specimen.
MATERIALS AND METHODS

RESULTS
Several different standard equations were used to plot the experimental data, and correlation coefficients were calculated. Based on the highest correlation coefficients, inactivation curves were constructed from experimental data with the linear equation log Vr = log V0 + KR. The value of K was then derived for each virus.
The derived values of K for each virus were as follows: KLassa = -5.3 x 10-6 log TCID50/rad (4°C) and -3.2 x 10-6 (-600C), KEbola = -6.8 x 10-6 log TCID50/rad (40C) and -4.6 x 10-6 (-60°C), and KMarburg = -8.4 x 10-6 log TCID50/rad (40C) and -4.7 x 10-6 (-600C).
The inactivation curves for each virus are shown in Fig. 1 to 3 .
We also derived an expression for calculating the total radiation (in rads) necessary to inactivate a given concentration of virus with the constants resulting from our experimental data. The results are shown in Fig. 4 This calculation is simply the reciprocal of the K for each virus with the sign reversed, multiplied by the titer (in log TCID50) of virus which is to be inactivated. All of these constants are free of volume considerations since the radiation field in our gamma-cell is uniform.
We established that the kinetics of this reaction were independent of initial virus concentration and were not significantly different when agents were suspended in buffered saline or whole serum. As expected, greater energy was required to inactivate a given amount of infectivity in the frozen state than in the liquid state. When concentrated, purified virus preparations containing 8 to 10 logs of virus were irradiated with this method, safety tests showed that the virus was completely inactivated. We generally treat the material for 10% longer than our data suggest as an added safety measure. Although the results of this method have been very consistent in our day-to-day operations, we still test our materials to leave no doubt about their inactivation because of the dangerous nature of these viruses.
We did not observe any destruction of the morphology of the viruses by the radiation when we examined them by electron microscopy (photographs not shown). This is consistent with our finding that only extreme quantities of radiation (12 and Ebola agents. These results are in accord with the known sizes of the respective viral RNA genomes (11, 12) . They are also consonant with the finding that, despite the fact that Pichinde, another Arenavirus, was found to have two genomic segments, UV light inactivation kinetics were first-order, indicating that only a single ionizing hit was necessary to destroy infectivity (2) . The value we measured for Ebola virus inactivation was not markedly different from that previously reported (9), although that study was done with a less sensitive plaque the reproducibility of the indirect fluorescentantibody titer of standard antisera on infected cells before and after inactivation and the production of high-titered antibodies in animals inoculated with inactivated virus. We found that we could irradiate our immunofluorescent antigen slides (6) for 3 h (3.6 x 106 rads) before any diminution of fluorescence occurred. This is 12 times longer than the time required to inactivate the material. The slides were irradiated without cooling, so that the damage even after 3.6 x 106 rads could have been from heat rather than from the irradiation.
To date we have experienced no difficulty in using gamma-irradiated materials for a variety of purposes: monoclonal antibody production, virion peptide mapping, and production of indirect fluorescent-antibody, enzyme-linked immunosorbent assay, and radioimmunoassay antigens and inactivated reference animal antisera. The technique is clearly the most reliable and convenient of any proposed to date. It also is the most expensive in capital cost ($52,500 in 1977). Psoralen and long-wave UV light may prove to be more suitable for small diagnostic laboratories (5) .
